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The skin-sensitizing antibodies found in the serum of allergic individuals have not 
been well defined immunochemically. Attempts at characterization of skin-sensitizing 
antibodies have been directed  toward  studying their  distribution  in allergic sera by 
electrophoretic  (1-3), ultracentrifugal fractionation (4-8)  or diethylaminoethyl cellu- 
lose (DEAE  z cellulose)  chromatography (5, 9-11)  and the subsequent association of 
skin-sensitizing antibody with one or more serum fractions. These studies have shown 
that  skin-sensitizing  antibodies  differ from  the  bulk  of  7S  ~/-globulins with  which 
antibodies  are  classically  associated.  The  consensus  of  these  studies  is  that  skin- 
sensitizing  antibodies have a  ~'z or 152 electrophoretic  mobility and  a  sedimentation 
coef~dent of perhaps 7S but more likely between 7S and  18S. 
The introduction of immunoelectrophoresis has provided a  means of distinguishing 
serum proteins on the basis of their antigenic determinants after electrophoretic sepa- 
ration.  2 When Augustin  (I0,  12)  applied this method of analysis to serum fractions 
obtained by DEAE cellulose chromatography, the skin-sensitizing activity was found 
to be associated with a globulin of ~/1-mobility,  antigenically related to ~/-globulin or 
~(~/IA)-globulin. While the studies to be described were in progress, Heremans (13) 
reported  that  a  ~-globulin  preparation  which  was  not  immunochemically  pure, 
being accompanied by a  small amount of ~-globulin, contained skin-sensitizing anti- 
body. 
The purposes of this study were:  (a) to reinvestigate some of the fractiona- 
tion methods previously described  and to determine whether the combination 
of preparative zone electrophoresis followed by DEAE cellulose chromatography 
of allergic  sera  would  yield  an immunochemicaUy pure  serum fraction  which 
* Present  address:  Children's  Hospital,  Boston. 
z DEAE,  diethylaminoethyl. 
2 The three ~mmunochem/cally distinguishable  globulins in the  ~, and slow ~ regions with 
which  antibody  activities have  been  associated  are  (immunoelectrophoretic  terminology) 
-y-globulins, ~(~,~A)-globulins, and the ~2M(~/xM)-globulins (30). 
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contained  skin-sensitizing  activity,  (b) to apply the recently described method 
of fractionation  of serum proteins by gel filtration  with sephadex  G-200 to the 
characterization  of skin-sensitizing  antibodies,  and (c) to study the problem of 
the immunochemical  nature of skin-sensitizing  antibodies by precipitating  each 
of the  immune  globulins  with  specific  antisera  to  determine  which  of the 
globulins contained  the skin-sensitizing  activity. 
These experiments have demonstrated  that skin-sensitizing  antibodies  in the 
three ragweed sensitive sera studied  were associated  with the fl~A-globulins. 
Materials and Mettwds 
Sera.--Sera  from three allergic  patients who were exquisitely sensitive to ragweed  pollen 
by history and by positive scratch and intradermal skin tests were used for the studies. These 
TExT-FIo. 1. Diagram of immunoelectrophoretic pattern of normal human serum (bottom 
round reservoir)  and of the purified fl~A preparation (top round reservoir)  used for immuniza- 
tion (anode to the left). The antiserum trough at the top of the figure contained the sheep 
anti-~2A serum produced by immunization with the purified ~2A preparation; bottom anti- 
serum trough contained a sheep anti-whole human serum. 
patients had received hyposensitization therapy and had no history of hepatitis. All studies 
were performed on serum from a  single S00 ml bleeding from each donor. The sera and all 
subsequently obtained serum protein fractions were filtered  through a  Swinny adapter con- 
taining a 0.22 # Millipore filter, tested for sterility, and stored at 4°C prior to study. 
The human "y-globulin used for absorption of the sheep anti-fl~-globulin  serum was pre- 
pared by DEAE celinlose chromatography (14) of normal human serum. 
The normal sheep and rabbit sera used as controls were filtered through a Swinny adapter 
containing an 0.22 #  Millipore filter, tested for sterility, and stored at 4°C. 
Spe~ifi~ Anlisera.--An  anti-fl~-globulin serum was prepared by immunization of sheep 
with 3 nag of purified fl~.A  myeloma globulin in complete Freund's adjuvant by intramuscular 
injection. The purified fl~A myeloma globulin preparation (G. F.)  was kindly provided by 
Dr. John Fahey. It was prepared by starch block e]ectrophoresis  and then DEA_E ceilulose 
chromatography of serum containing/~2A  type myeloma protein (IS). After i month the sheep 
were bled. One of the two sheep immunized provided a  suitable antiserum. This antiserum 
in addition to containing  antibody to fl~A-globulins also contained traces of antibody to ')'-glo- 
bulins and ~2M-giobulins as demonstrated by immunoelectrophoresis (Text-fig.  I). The anti- 
bodies to "y-globulins were absorbed from I ml of the sheep antiserum by the addition of 500 
fig of the human 'y-globulin  that had been purified by DEAE cellulose chromatography. The 
~/-giobulin was added in increments of i00/zg and incubated at 37°C for  2 hours  and  then P. ~IItEMAN~ W. E. VANNIER~ AND  H. C. GOODMAN  6O5 
at 4°C for 18 hours, after each addition.  Following centrifugation the supematant  was  an- 
alyzed by interracial test  for excess antigen  prior  to each addition.  Subsequent  bleedings 
from this sheep were not suitable for this  study  owing  to  an  increased concentration of 
antibodies to 7-globulins and ,,~M-globuiins  (see Text-fig. 5). 
Immunization of four sheep with purified ~VLglobulins  from two patients with macro- 
globulinemia did not result in anti-~21VI-globulin sera suitable for absorption studies. 
An anti-7-globulin serum was produced by intramuscular immunization of rabbits with 2 
to 4  mg of purified 7-globulin in complete Freund's adjuvant  (14).  This rabbit  antiserum 
produced only a single precipitin line when examined by immunoelectrophoresis (16),  Ouch- 
terlony (17), and Oudin (18) techniques. However, the rabbit anti--~-globulin serum did form 
a precipitin line with the purified ~A myeloma globulin in immunoeiectrophoresis due to the 
presence of identical or cross-reacting antigenic determinants  on the 7- and ~2A-glob-lln~. 
The antibodies to the ~2A-globulin  detectable  by inteffaciaf preclpitln test were absorbed 
from 1 ml of the rabbit anti-N-globulin serum by the addition to two 0.5/~g increments of the 
purified ~-  myeloma globulin in the same absorption procedure as described above for prep- 
aration of the sheep anti-~2A-serum. 
Horse anti-whole human serum was commercially obtainable from the Pasteur Institute, 
Paris, France. Unispecific sheep anti-human albumin serum was obtained from Dr. Arthur J. 
L. Strauss. 
Sk/n  Test~.--Skin-sensitizing antibody was assayed by the passive transfer  test  (19)  of 
Pransnitz and Kiistner (P-K). The recipients were normal volunteers who were not sensitive 
to ragweed by history or intradermal .qkln tests. Normal skin sites were sensitized with 0.1 
ml of serum or the serum fraction by intradermal injection with 27  gauge needles. Forty° 
eight hours later, each sensitized site was challenged by intradermal injection of 0.02  ml of 
ragweed extract containing 1000 protein nitrogen units per ml.  8 Twenty minutes later  the 
margins of the wheal and erythema were outlined with a ball point pen.  Permanent records 
of the reactions were made by applying transparent cellophane adhesive tape to the areas and 
then removing the tape which carried with it ink outlines of the skin reactions. The titer  of 
skin-sensiti~ng activity was determined by preparing serial dilutions of each serum fraction 
for sensitization of normal skin sites. The highest dilution which produced a  definitively posi- 
tive reaction on challenge with ragweed extract was taken as the end point of the titration. 
Because of variability of skin reactivity from one recipient to another an appropriately diluted 
positive control and also a negative control were utilized in each series of skin tests. All con- 
clusions were drawn from data obtained on the same recipient at the same time. 
Starch Block Zone EJe~tro~hore~is.--The method was a  modification of that described by 
Kunkel and Slater (20) and others  (21).  An 8 ral volume of human  serum which had been 
dia3yzed against barbital buffer (pH 8.6;/~  -- 0.1) was applied to a 44 cm starch block. Elec- 
trophoresis was conducted for 36 hours at 4°C at a constant voltage of 300 volts and approxi- 
mately 45 to 50 ma. The block was cut at 1 cm intervals and the serum proteins were eluted 
from each starch segment with 4 ml of 1 per cent sodium chloride buffered at pH 8.0 by the 
addition of 10 per cent by volume borate buffer.  4 
The distribution of the serum proteins on the starch block was estimated by the use of a 
trichloracetic acid turbidity method. To 0.2 ml of each eluate, 6 ml of 20 per cent trichloracetic 
acid was added,  the tubes shaken,  and the turbidity estimated at 440  m/~ in the Beckman 
model B spectrophotometer in 10 to 15 minutes. The distribution of skin-sensitizing antibody 
was determined by P-K test after adjustment  of each eluate to the volume of the original 
serum  sample. 
3 Obtained from Center Laboratories, Inc., Port Washington, New York. 
4 Borate buffer composition: boric acid 28 gin, sodium hydroxide 2 gin, sodium chloride 
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DEAE  Cellulose Chroraatography.--A  modification  d  the  method  of  Humphrey  and 
Porter (9) was used.  A column 50 cm in length and 1.1 cm in diameter was packed with 3 gm 
of DEAE cellulose under a pressure of 5 p.s.i. The DEAE cellulose  was from Carl Scideicher and 
Schlill Co., Keene, New Hampshire  (Lot 1251).  Stepwise eiution was conducted by gravity 
flow (1 m of water pressure) with four buffers;  (a) 0.01 M sodium phosphate pH 7.8, (b)  0.02 
M sodium phosphate pH 6.2,  (c) 0.05 M sodium phosphate pH 4.4, and (d)  0.1  M sodium chlo- 
ride with 0.05  tr sodium phosphate pH 4.4 (Text-fig. 3). The flow rate was 40 to 50  ml  per 
hour and eluates were collected in 3 ml volumes. The protein concentrations  of the eluates 
were estimated by measuring their absorption at 280 m~ in a Beckman DU spectrophotometer. 
Gd Filtration with Sephadex G-200.  -5 Flodin and Kfllander (22) have described the use of 
sephadex G-200 for fractionating serum proteins of up to approximately 200,000  molecular 
weight. The sephadex was washed ten times with 0.1  1~ sodium chloride (buffered  with 10 
per cent by volume of borate buffer pH 8.0) and the "fines" were removed by decanting after 
each wash. A column 130 cm in length and  1.0 cm in diameter was packed with 2.5  gin of 
sephadex G-200 by gravity flow. A 2 ml volume of human serum was applied to the column 
and  eiution carried out with the borate-buffered 0.1  M sodium chloride (pH 8.0).  The flow 
rate was 1 ml per hour and the eluates were collected in 1 ml volumes. The protein concentra- 
tions of the eluates were measured by their absorption at 280 m/~ in a Beel~mau DU spectro- 
photometer. 
Immunodutmplwresis.--The  micromethod  of  Scheidegger  (16)  was  used  with  minor 
modification. 
Comentration of Protein  Sdut/on,.--The  serum  protein  fractions were  concentrated  by 
sedimentation in a Splnco model L ultracentrifuge for 24 to 36 hours at 40,000 m,~ in a No. 
40 angle rotor. The upper supematants were gently removed with a Pasteur pipette leaving the 
gel pellets and  1 to 2 ml of each supematant.  The gels and the remaining superuatant  were 
mixed. 
EXPE~N~m. AI~TO ~SUI.TS 
DEA E  Cellulose Chromatography  after Zone F_2eclrophoresis.--A starch block 
electrophoretic pattern of one of the allergic sera (M) is presented in Text-fig. 2. 
A similar pattern was obtained with the other two allergic sera (R and D). The 
skin-sensitizing  activity was  consistently located in  the fast q-globulin and 
slow t-globulin regions as shown in Text-fig. 2. This data was  consistent with 
that reported by Sehon et al.  (1). q-Globulins, fl~A-globulins, fl~M-globulins, 
and siderophilin  were demonstrated by immunoelectrophoresis of the pooled 
eluates from the fast q- and slow O-globulin regions that contained skin-sensi- 
tizing antibody activity. 
The eluates from the region containing skin-sensitlzlng antibody from three starch block 
fractionations of allergic serum (M) were pooled with the combined eluattm from reextraction 
of the starch residue from the region containing skin-sensitizing activity. The serum proteins 
thus obtained from the fast 3,- and slow B-globulin regions were concentrated by sedimentation 
to a  volume of 3 ml and dialyzed against the starting sodium phosphate buffer (0.01 M, pH 
8.4)  for DEAE cellulose  chromatography.  The 3 ml pooled serum fraction that was applied 
to the column contained 70 mg of protein per ml and was derived from 24 ml of whole serum 
having a P-K titer of ~0o0. The sample was chromatographed as described under Materials 
and Methods. 
5 Obtained from Pharmacia Fine Chemicals, Inc., New York. P.  ~IREMAN~  W.  E.  VANNIER~  AND  H.  C.  GOODMAN  607 
The chromatogram obtained is illustrated in Text-fig.  3. Similar  data were 
obtained with  the other two allergic  sera studied.  No detectable additional 
protein  could be eluted by further  increase in ionic strength  of the eluting 
buffer. Prior to skin-testing, eluates were pooled into four fractions (Text-fig. 
3) associated with the four major protein peaks ((I) eluate volume 30 to 90 ml, 
(II) 110 to 150 ml, (III) 155 to 200 ml, and (IV) 225 to 260 rnl) and concert- 
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TEXT-FIG. 2. Starch block zone electrophoresis  of allergic human serum with the anode 
to the left. The protein distribution is indicated by the solid line and the distribution of skin- 
sensitizing antibody is shown by the shaded  area.  The open circle represents  the antigen 
well for the immunoelectruphoresis of the pooled concentrated eluates which contained skin- 
sensitizing antibody (anode to the left) and the diagram represents the preclpitin lines found 
after development with a horse anti-whole human serum. (T.C,A., trichloroacetic acid.) 
trated to the original  starting volume by sedimentation. The passive transfer 
test data are summarized in Text-fig.  3. A comparison of the P-K titers of the 
eluates from the column and the original whole serum indicates that high losses 
have occurred during the fractionation procedures. Most of the antibody ac- 
tivity found was present in fraction IV and was detectable at a Yf0o dilution 
and on one occasion a titer of ~oo was obtained. No skin-sensitizing  activity 
was detectable in fraction I. A small amount of skin-sensitizing  activity was 
present in fraction H and this could only be demonstrated in the undiluted ma- 
terial.  Fraction III contained su~cient antibody to elicit a  passive transfer 
test at a No dilution. 
Immunoelectrophoretic  analysis of the four peaks revealed w-globulins  in 608  SKIN-SENSITIZING ANTIBODY 
fraction  I,  ~,-globulins  of  a  faster mobility in fraction  II,  ~-globulins,/32A- 
globulins,  /3~VI-globulins, and  siderophilin  in  fraction  III,  and  mostly fl~A- 
globulins with a small amount of ")'-globulins of a fast mobility in fraction IV. 
The possibility existed that other serum proteins were present in the four 
fractions in concentrations too low to detect by immunoelectrophoretic analysis. 
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TExT-FzG.  3.  DEAE  cellulose  chromatography  of  the  human  serum  fraction  wh/ch  was 
prepared  by starch  block electrophoresis  and contained  skin-sensitizing antibody.  The dis- 
tribution of skin-sensitizing antibody is indicated by the shaded bars. The open circles indicate 
the antigen wells for the immunoelectrophoresis of the concentrated  eluates  of fractions  I, 
II, HI, and  IV. The diagrammatically represented  precipitin lines were developed with an 
a~ti-whole  human  serum. 
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Therefore  an absorption experiment was carried out using a horse anti-human 
serum (No. 282) obtained from the Pasteur Institute. Equal volumes (0.1  ml) 
of each of the four eluates were added to 1.0 ml volumes of the horse antiserum. 
The absorbed antisera were then utilized in immunoelectrophoresis of normal 
whole human serum.  Fraction I  removed v-globulin antibodies without any 
discernible  change in antibodies to fl2A- or/32M-globulins.  Fraction II removed 
antibodies to ~'-globulins and fl,A-globulins indicating that traces of/3~-globu- P. EIREMAN~  W. E. VANNIER, AND H. C. GOODMAN  6O9 
fins were present in fraction II even though not demonstrable by direct immuno- 
electrophoresis of this fraction. Fraction HI removed antibodies to -t-, ~-, 
and ~¢I-globulins, and siderophilin,  and was consistent with the serum protein 
pattern seen on direct immunoelectrophoresis.  Fraction IV removed antibodies 
to fl21Vl-globulins as well as antibodies to -t- and 0~-globnlins. 
These data suggested that there may be a relationship between the presence 
of ~A-globulins and skin-sensitizing  antibody. -t-Globnlin  was present in all 
fractions  but there  was no  skin-sensitizing  antibody activity in  fraction  I. 
0~Vl-globulin was not present in fraction II. 0,A-globulins appeared to be the 
one protein present only in the active fractions. 
Changes  in the sodium chloride  concentration  (to 0.05  and  1.0 x¢)  of the 
fourth buffer of the stepwise elution or gradient elution (10) did not provide 
any improvement  in  the resolution of skin-sensitizing  antibody or the 0~A- 
globulin. 
Gel Filtration witk Sepkadex G-200.--Sephadex G-200 separates serum pro- 
teins on the basis of their molecular size. Molecules greater than 200,000 molecu- 
lar weight do not penetrate the gel matrix and are eluted first.  Smaller  mole- 
cules appear in later effluents depending on their retention by penetration and 
subsequent displacement from the gel matrix In Text-fig. 4 is shown a typical 
sephadex  G-200  fractionation  of whole serum.  Most of the  skin-sensitizing 
antibody activty was eluted in  the second protein peak. Similar  results were 
obtained with the three allergic  sera studied.  Characterization  of the serum 
proteins separated with sephadex G-200 (22, 23) has shown the first peak to 
contain/32M-globnlin.  7-Globulins were first detected in the trough between the 
first two peaks. The major part of these appeared in the second peak. The 02A- 
globulins came off the column slightly before the -t-globulins.  Skin-sensitizing 
antibody activity seemed to be correlated with the presence of both 13~A-globu- 
lins  and  the "t-globulins  as  shown  in  Text-fig.  4; it  was  suggestively more 
closely correlated with the/3~A- than the -t-globulins.  There was no association 
between/8~l-globulins  and  skin-sensitizing  antibody activity  in  the  three 
allergic sera studied by this technique. 
Removal of O~A- and E-Globulins by Precipitation witk Specific Antisera.-- 
Since various chemical and physical methods for the separation of serum pro- 
teins have been unsuccessful,  so fax, in associating skin-sensitizing  antibodies 
with a single  serum component, an attempt was made to prepare unispecific 
antisera for use in the selective precipitation and removal of the radons serum 
components possibly associated with skin-sensitizing  antibody activity. Suit- 
able specific antisera for the precipitation of 0~A-globulins and of -t-globulin 
were prepared as described in Materials and Methods. Attempts to produce a 
specific/32M-globnlin antiserum were unsuccessful. 
The addition of 3 to 3.5 ml (serum M 3.0 ml; serum R 3.5 ml; serum D 3.5 ml) 
of the sheep anti-fl~A-globnlin  serum precipitated all detectable/3~A-globulins GEL  FILTRATION 
SKIN-SENSITIZING ANTIBODY 
from 1 ml of each of the three allergic sera studied. The sheep antiserum was 
added in 0.5 ml increments; each addition being followed by incubation for 2 
hours at 37°C and 18 hours at 4°C, centrifugation, and interracial test of the 
superuatant for residual fl,A-globulins or anti-flzA-globulin. Text-fig. 5 is an 
immunoelectrophoretic  pattern  of  human  allergic  serum  before  and  after 
precipitation with the specific anti-~A-globulin serum. It can be seen that there 
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"I~XT-FIo. 4. Sephadex G-200 gel filtration of whole atopic serum. The protein distribution 
is indicated by the solid line and the distribution of .~lr;n-sensitizing  antibody activity  is shown 
by the shaded area. The bar graph relates the distribution of v-globulins, fl2A-globulins and 
fl2M-globulins (as detected by immunoelectrophoresis)  to the distribution of total protein 
and skin-sensltizing  antibodies. 
are no detectable/32A-globulins in the absorbed serum. There was also no ob- 
vious change in the "r-globulin or a~M-globulin precipitin line after absorption. 
Since it is di~cult to estimate the amount of a protein by the appearance of its 
precipitin line in an immunoelectrophoretic pattern, ~,-globulin  was measured 
by the quantitative Oudin technique (18) before and after removal of~2A-globu- 
lins. As shown in Text-figs. 6 a  and 6 b there was no detectable change in ~- 
globulin concentration after precipitation of ~A-globulins in the three allergic 
sera studied. 
Since whole human serum contains such a high concentration of ~¢-globulins P.  FIREMAN~  W.  E.  VANNIER,  AND  H.  C.  GOODMAN  611 
it was not feasible to remove all the q-globulins by addition of specific antisera. 
Therefore, it was necessary to utilize a  serum fraction which  contained  skin- 
sensitizing antibody but was accompanied by lower concentrations of ~,-globu- 
lins.  Fraction IV from the starch block electrophoresis DEAE cellulose chro- 
matography  studies  proved  suitable.  The  rabbit  anti-q'-globulin  serum  was 
absorbed  with  the  purified  fl~A myeloma globulin  to  precipitate  the  small 
amount of fl2A antibodies as described under Materials and Methods.  All the 
detectable v-globulins were removed from 1 ml of fraction IV, for each of the 
allergic sera, by the addition of 2 to 2.5 ml (serum M  2.0 ml; serum R  2.5 ml; 
serum D  2.5 ml) of the rabbit anti-v-globulin serum. The rabbit antiserum was 
added in 0.5 ml increments as described for the sheep antiserum. There was no 
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TEXT-FIG. 5. Immunoelectrophoresis  of serum D before and after removal of/32A-globulins 
The lower antigen well contained the serum diluted 1~ with isotonic saline and the upper 
antigen well contained the serum diluted 1~ by addition of the specific sheep anti-fl2A-serum 
as described under Materials and Methods. The  precipitin  lines were developed with  an 
antiserum obtained from a later  bleeding of the  same sheep used to produce the  specific 
anti-fl2A-serum. 
decrease  in  the  /~2A-globulin  concentration  detectable  by  immunoelectro- 
phoresis. 
The absorbed allergic sera and serum fractions were then assayed for skin- 
sensitizing  antibody activity  (see Table I).  The  end  point  titration  of skin- 
sensitizing antibody was 1/~o00 in each of the three allergic sera studied when 
diluted with 0.85 per cent saline solution. As can be seen from the Table I  the 
removal of/~2A-globulins from the three allergic sera was associated with the 
loss of skin-sensitizing antibody activity. No antibody activity could be demon- 
strated in these preparations at a dilution of 1~0.  Antibody activity could not 
be demonstrated after precipitating the/~A-globulins by  diluting  the allergic 
sera to a final dilution of 1/~ by the addition of the sheep anti-/32A serum in one 
assay for each absorbed serum. Because of the question of how much foreign 
protein  can  be  safely injected  into  normal  individuals,  the  undiluted  (~) 
preparation was only tested in one recipient (one of the investigators). There- 612  SKIN-SENSITIZING  ANTIBODY 
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fore,  at  least  95  per  cent  and  probably  more  than  99  per  cent  of  the  skin- 
sensitizing antibody was removed by precipitation  of/32A-globulins.  Since the 
possibility  existed  that  sheep  serum  might compete  for skin  sites  or in some 
other  manner  inactivate  the  skin-sensitizing  antibody,  a  control  experiment 
was carried out substituting normal sheep serum for the sheep anti-fl2A serum. 
The addition of 3.0 to 3.5 ml of normal sheep serum to 1 ml of the allergic sera 
produced no decrease in skin-sensitizing  antibody; activity was demonstrated 
TExT-FIG. 6 b. Serial dilutions of a human serum (M) were layered over a rabbit antiserum 
to human 3'-globulin. In this series of Oudin  tubes the human serum, undiluted,  1/~, 1/~, I/~, 
1/i~, 1/~2  ,  and 1/~4 (right  toleft) was layered over the rabbit  antiserum to human T globulin. 
The antiserum  was incorporated  in agar. 
at a  1/~000 dilution. Therefore, at the concentration of sheep serum used, there 
was no indication  that  addition  of normal sheep serum altered  the skin-sensi- 
tizing antibody activity.  As a  control for the possibility that an antigen-anti- 
body reaction in the presence of skin-sensitizing  antibody in some way inter- 
fered with the skin-sensitizing antibody assay, a 3 ml volume of a specific sheep 
anti-human  albumin  serum  was  added  to  1 ml  of each  of the  allergic  sera in 
increments of 0.5 ml as described above. The precipitation of serum albumin in 
the presence of skin-sensitizing  antibody did not lower the titer  of skin-sensi- 
tizing  antibody  which  remained  at  1~o0o  in  each  preparation.  Each  of  the 
titrations  except  the  1~ dilution mentioned  above were performed  in at least 
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An end point titration of l~d'0o (see Table I)  was found for the DEAE cellu- 
lose chromatography fractions IV from sera M,  R, and D  when diluted  with 
0.85  per  cent  saline.  The  addition  of 2.0  to 2.5  ml volumes of either  normal 
rabbit serum or of rabbit anti-~-globulin serum to 1 ml volumes of fraction IV 
from each of these sera did not affect the skin-sensitizing antibody titer which 
remained at  1/(0o. The addition of the  rabbit anti~,-globulin  serum  removed 
the 3,-globulins detectable  by immunoelectrophoresis  from the fractions IV of 
these allergic sera, but did not change the skin-sensitizing antibody titer. 
A  representative  series  of passive  transfer  tests  of sera  M,  R,  and  D  are 
shown in Fig. 1. A positive P-K test was seen when the allergic sera were diluted 
TABLE I 
End  Point  Titration  of Skin-Sensitizing  Antibody 
Allergic serum +  saline 
Allergic serum +  normal sheep serum 
Allergic serum +  sheep anti-fl2A serum 
Allergic  serum  +  sheep  anti-albumin 
serum 
Fraction IV +  saline 
Fraction IV +  normal rabbit serum 
Fraction  IV  +  rabbit  anti-y-globulin 
serum 
Serum M  Serum R  Serum D 
1/1000  (6)* 
1/1000  (3) 
<1/4  (1), 
<1/50  (3) 
1/1000  (3) 
1/100  (3) 
1/100  (3) 
1/100  (3) 
1/1000  (6) 
1/1000  (3) 
<1/4.5  (1), 
<1/50  (3) 
1/1000  (3) 
1/100  (3) 
1/100  (3) 
1/100  (3) 
1/1000  (6) 
1/1000  (3) 
<1/4.5  (1), 
<1/50  (3) 
1/1000  (3) 
1/100  (3) 
1/100  (3) 
1/100  (3) 
* The numbers within the parenthesis indicate the number of normal recipients tested in 
each assay. 
with  0.85  per  cent  saline  but  when  the  allergic  sera  were  absorbed  with  the 
sheep anti-fl2A serum,  the passive  transfer tests  were negative.  However, the 
control experiments of the addition of rabbit anti-3,-globulin to fraction IV and 
also of the addition of sheep anti-albumin serum did not affect skin-sensitizing 
antibody and these preparations gave positive P-K tests. 
Normal sheep and rabbit serum in the concentration used did not inhibit the 
passive transfer test. Also the effect of normal whole human serum and pooled 
3,-globulins  on the passive  transfer  test  was studied.  The addition  of 3  ml of 
normal  whole  human  serum  (which  contained  no  ragweed  skin-sensitizing 
antibody) to 1 ml of the three sera (M, R, and D) studied did not alter the end 
point titration  of skin-sensitizing antibody. This observation was confirmed in 
two  normal  recipients  and  is  in  agreement  with  a  previous  report  (24).  The 
addition of 0.1 ml, 0.4 ml, and 0.9 ml of pooled human "y-globulins 6 to 0.1 ml 
6 Acquired commercially from E.  R.  Squibb  & Sons, Brooklyn, and  contained  16.3 gm 
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of the allergic sera (followed by incubation at 37°C for 2 hours and then at 4°C 
for 16 hours) did not effect the end point titration of skin-sensitizing  antibody. 
Each assay was duplicated in two normal volunteers. 
DISCUSSION 
Heremans (25) has suggested that the ~2A-globul~n~ possess antibody activity 
and grouped these serum proteins with 7-globulins and ~M-globulins in the 
group of "immune globulins." The fact that in congenital hypogammaglobuline- 
mia low levels of/~A-globulins occur accompanying the decreased 7-globullu 
and fl~M-globulin concentrations is consistent with this concept. Schultze (26) 
has presented a table listing various antibacterial and isoagglutinin antibody 
activities  found  in  a  fl~-globulin preparation;  however,  this  ]3~A-globulin 
preparation was contaminated with fl2M-globulin. The interpretation of Here- 
mans'  experiments  (13) associating skin-sensitizing  antibody with fl~,-globu- 
lins was complicated by the presence of a small amount of 7-globulins in this 
fl~k-giobulin preparation. 
The same problem presented itself during the first phase of this study. We 
were not  able to prepare  a  serum fraction  which  contained  skin-sensitizing 
antibody and only one immunochemically pure serum protein.  Fraction IV, 
from  the  zone  electrophoresis  DEAE  cellulose  chromatography  procedure 
contained the major part of the skin-sensitizing  activity of the three sera; but 
although  most of fraction IV consisted of fl~A-globulins, a  small amount of 
7-globulins and traces of fl~M-globulins were also present in this fraction. The 
possibility could not be ruled out that the 7-globulin molecules which appeared 
in this fraction because they differed in charge or other characteristics from the 
largest part of the serum 7-globulins also differed from the rest of the "y-globu- 
lins in possessing skin-sensitizing  activity. 
The fractionation of serum proteins by gel filtration with sephadex G-200 did 
achieve a relative separation of the/$~M-globulin  from the skin-sensitizing  ac- 
tivity  of  the  serum.  Skin-sensitizing  activity,  /~2A-, and  7-globulins  were 
not detectable in the first protein peak where the major part of the ~M-globu- 
lins appeared, and no ~2M-globulins  were detectable in the second peak where 
the major part of the skin-sensitizing  activity, ~2A- and 7-globulins were found. 
The facts that the first trace of ~2A-globulins came off the sephadex column 
before the "y-globulins were  detectable  and  that  the 7-globulins  continued 
coming off the column well after the last detectable fl2A-globulins are consistent 
with  the finding  that  ]32A-globulin preparations  from normal  serum  (27)  as 
well as ~A myeloma protein preparations  (28,  15) appear to contain higher 
molecular weight constituents in addition to 7S components. It is tempting 
to conclude that the distribution of fl~A-globulins is more nearly correlated with 
distribution of skin-sensitizing  activity than is the distribution of 7-globulins. 
Rockey and K-nl~el  (8) have called attention to a class of 9 to 15S proteins 
with antibody activities, and have shown that in the case of one serum the skin- 616  SKIN-SENSITIZING ANTIBODY 
sensitizing  antibody activity (to a purified glucagon preparation)  had a sedi- 
mentation coefficient in the range of 8 to 11S. Globulins of this class might well 
appear in the sephadex G-200 eluates where the fl~A-globulins and the skin- 
sensitizing  antibodies were found in our experiments. 
The precipitation of fl~A-globulins from the three allergic sera by a specific 
antiserum and the associated loss of skin-sensitizing  antibody strongly suggests 
that skin-sensitizing  antibodies in these sera are OzA-globulins. It is unlikely 
that significant amounts of T-globulin (with associated skin-sensitizing  activity) 
were precipitated with the/~A-globulins.  The anti-/~A  serum had been ab- 
sorbed with "g-globulln.~ and no change could be shown in the T-globulin  con- 
centration  of the allergic  sera after the removal of the ~A-globulins.  More 
convincing  evidence  that  skin-sensitizing  activity  was  hoe  associated  with 
V-giobulin in these three sera was the fact that no decrease in skin-sensitizing 
activity occurred when the T-globulin was precipitated from serum fraction IV 
which  contained  essentially only ~,-  and/~A-globulins.  The  anti-v-globulin 
serum used for this precipitation  had  been previously absorbed with a/~A 
myeloma globulin in order to remove antibodies which reacted with antigenic 
determinants on/~A-globulins.  Under the conditions used, the absorbed anti- 
serum did not produce detectable depletion of the fl~A-globulin line on immuno- 
electrophoresis when complete removal of the T-globulins  had been achieved. 
Heremans reported the ~2A myeloma protein to be antigenicaUy deficient  (29); 
this deficiency was not detectable with our antiserum under the conditions used. 
Augustin (12) reported that the precipitation of T-globulins from allergic serum 
by means of rabbit anti--r-globulin serum removed skin-sensitizing  antibodies 
in the one allergic serum studied. However, the antiserum had not been absorbed 
with ~2A-globulins to remove any cross-reacting antibodies and would therefore 
be expected to  remove/~-globulins  as  well  as -r-globulins  because of  the 
presence  of  similar  or  identical  antigenic  determinants  on  both  classes  of 
globulins.  It is of course possible that skin-sensitizing  antibody may be asso- 
ciated with/~2A-globulins  in one group of individuals and with -r-globulins  in 
another group of individuals depending upon the type of patient, differences in 
allergens,  etc. 
The presence of trace amounts of antibody to a2M-globulins  in the anti-/~/~A 
antiserum raised the remote possibility that skin-sensitizing  antibody might be 
associated with the t~2M-globulins. No change in the  ~sM-globulins  was de- 
tectable after/~2A-globulins  (and skin-sensitizing  activity) were removed after 
the allergic  sera and in addition it was impossible  to demonstrate skin-sensi- 
tizing  activity in the globulins  of tx mobility after starch block zone electro- 
phoresis. 
The possibility that the specific precipitation of flsA-globulins by the sheep 
antiserum was accompanied by a  non-specific  inactivation of skin-sensitlzing 
antibody is unlikely. Addition of an equivalent amount of a specific sheep anti- P. PIREM)xN,  W. E. VA~R,  AND H. C. GOODMAN  617 
human albumin serum to the three allergic  sera did not alter the skin-sensi- 
tizing  antibody  activity.  Similarly,  addition  of  the  rabbit  anti--7-globulln 
antiserum to a fraction of the allergic sera produced no detectable change in 
skin-sensitizing  activity. 
No evidence was obtained in these studies that  the passive  transfer  tests 
were inhibited by dilution of skin-sensitizing  antibody in normal human serum 
or v-globulins in the concentrations used, although these studies did not include 
the effect of very high concentrations of ~¢-globulins or of flsA-giobulins. 
The application of the method described for specific removal of fl~-globulins 
to determine which other antibody activities in human serum in addition to 
skin-sensitizing  antibody may be associated with the flsA-globulins  wiU prove 
worthwhile. 
SUtaXc~,Ry 
1.  The removal of the flva,-globulins from three sera from treated ragweed- 
sensitive individuals by immune absorption was associated with the loss of all 
detectable skln-sensitizing  antibody activity as  demonstrated  by Pransnitz- 
Kiistner testing. 
2.  Gel filtration studies, with sephadex G-200, indicated that the fractions 
containing only macroglobulins were devoid of all detectable skin-sensitizing 
antibody activity. 
3.  The immune  absorption of the ,),-giobullns from a  serum fraction con- 
taining/~v~-globulins,  ),-globulins,  and a trace of fl2M-globulins had no detect- 
able influence  on the skin-sensitizing  antibody activity. 
4.  The removal of a portion of the albumin from the allergic sera by immune 
absorption, with retention of the skin-sensitizing  activity,  indicated  that the 
loss of skin-sensitizing  antibody was not due to non-specific  absorption on an 
antigen-antibody precipitate. 
5.  No inhibition of the Pransnitz-Kiistner reaction was observed when sheep 
serum,  normal  human  serum,  or normal  human  "),-globulins were  tested  in 
concentrations described. 
6.  We conclude that the skin-sensitizing  antibody activities in the three sera 
from treated ragweed-sensitive individuals  studied  were associated with  the 
fl2A-globulins. 
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EXPLANATION OF PLATE 29 
FIO.  1.  Passive transfer tests of allergic sera M, R, and D. The photograph was 
taken 15 minutes after the sensitized skin sites were challenged with ragweed extract. 
From left to right, the first column of  tests are whole serum diluted with isotonic 
saline (S.S.A.  +  saline). The second column of tests are whole sera absorbed with the 
sheep  antiserum to fl2A-globulin  (S.S.A.  +  anti-fl2A).  The third column are serum 
fraction IV absorbed with rabbit antiserum to human ~,-globulin  (S.S.A.  +  anti-'},) 
and the fourth column of  tests are whole  sera absorbed with the sheep  anti-human 
albumin serum (S.S.A.  +  anti-alb.). The borders of the inner wheal and outer ery- 
thema have been outlined in ink. (S.S.A.,  skin-sensitizing antibody) X  ¼. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  117  PLATE 29 
(Fireman  et  al.:  Skin-sensitizing  antibody) 